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Heart 
Saline contrast echocardiography was performed in 889 
children from June 1976 through February 1988. One-third 
of these studies were in postoperative patients. A patent 
foramen ovale was identified by finding right to left shunt- 
ing on venous contrast injection in 37% of 127 children 
studied with a structurally normal heart. The incidence of 
such shunting was greater at younger ages (55% younger 
than 1 month versus 22% older than 1 month). In most 
patients with an atria1 or ventricular septal defect, some 
right to left shunting was demonstrable. The technique was 
useful in distinguishing different forms of atria1 septal 
defect and identifying muscular ventricular septal defects 
that were difficult to image directly. The technique was 
used in the catheterization laboratory to aid in the identi- 
fication of congenital coronary artery fistulas and was 
diagnostic in two cases of pulmonary arteriovenous malfor- 
mation. In patients with situs abnormalities, the technique 
was useful in identifying the systemic venous connections to 
the atria. 
Contrast echocardiography was also used in postopera- 
tive evaluations. The technique was useful in identifying 
patch leaks and residual defects after Senning, Mustard 
and Fontan operations, and after closure of atria1 and 
ventricular septal defects. Most patients were found to have 
no superior vena cava obstruction by contrast echocardiog 
raphy after the Senning or Mustard procedure. 
Contrast echocardiography continues to be a useful 
technique in the diagnosis of a wide spectrum of congenital 
heart disease, as well as in the postoperative evaluation of 
congenital heart surgery. 
(J Am Co11 Cardiol1989;13:673-86) 
The technique of contrast echocardiography has been used 
for nearly 20 years, since the original description by Gramiak 
and Shah (1). Since then, this technique has been applied to 
the evaluation of numerous structural and functional cardiac 
defects in both children and adults, with varying success. 
During this period, the technology for noninvasive cardiac 
diagnosis has progressed rapidly, with the introduction of 
cross-sectional echocardiography, continuous wave and 
pulsed Doppler ultrasound examination, magnetic resonance 
imaging, ultrafast tine-computed tomography and. most 
recently, Doppler color flow mapping. These new technolo- 
gies have, in many cases, supplanted the traditional uses of 
contrast echocardiography. In view of these changes, a 
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review of the current role of contrast echocardiography in 
the diagnosis of congenital heart disease is needed. 
The goals of this report are to review the experiences of 
our echocardiography laboratory and to summarize the 
current applications and indications for contrast echocar- 
diography in pediatric cardiology practice. 
Methods 
Study patients (Table 1). A retrospective review was 
performed of the echocardiograms from all pediatric patients 
who had contrast two-dimensional echocardiography per- 
formed from June 17, 1976 through February 8, 1988. Clin- 
ical information was obtained from patients’ clinic or hospi- 
tal charts when needed. 
Of a total of 14,057 real-time two-dimensional echocar- 
diographic examinations performed in our laboratory be- 
tween June 17, 1976 and February 8, 1988. Contrast echo- 
cardiography was performed as part of the study in 889 
patients (6.3%). Thirty-three percent of these evaluations 
were performed postoperatively. There were no known 
complications of contrast echocardiography in our series. 
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Table 1. Summary of 889 Patients Studied by 
Contrast Echocardiogranhv 
and placed in a 20 ml vial of normal saline solution without 
preservative. The solution is vigorously agitated by transfer- 
ring back and forth between the syringe and vial, until a foam 
forms. Saline solution alone may be used, but in our expe- 
rience it produces a less satisfactory contrast effect because 
the addition of blood provides a detergent effect. The use of 
a 21 gauge butterfly needle inserted in a vein produces the 
best contrast effect. Alternatively, an intravenous cannula, 
central venous catheter or arterial line may be used, depend- 
ing on the information desired. One to three milliliters of this 
solution is injected into the patient rapidly, taking care that 
no visible bubbles or foam are injected. After peripheral 
venous injection, intensity of the contrast bolus may be 
enhanced by squeezing the extremity proximal to the injec- 
tion site. Injections into a radial or femoral artery cannula 
with modest force are often sufficient to achieve a contrast 
effect in the ascending aorta (4,5). An appropriate echocar- 
diographic view is recorded during the injection for later 
frame by frame review. Several injections in different echo- 
cardiographic planes are frequently required. Occasionally, 
two-dimensional echocardiography may be supplemented by 
M-mode echocardiography with contrast injection. 
No. of Patients 
Diagnosis Nonsurgicalt Postoperative 
Normal heart 
Atrial septal defect 
Ventricular septal defect 
Atrioventricular septal defect 
Transposition of the great vessels 
Truncus arteriosus 
Tetralogy of Fallot 
Double outlet right ventricle* 
Patent ductus arteriosus 
Total anomalous pulmonary venous 
connection 
Ebstein’s malformation 
Pulmonary atresia, critical pulmonary 
stenosist 
Valvular pulmonary stenosis 
Arteriovenous malformations and fistulas 
Single ventricle and tricuspid atresia 
Aortic arch interruption and coarctation 
Left superior vena cava to coronary sinus 
Hypoplastic left ventricle 
Situs problems (left and right isomerism, 
etc.) 
Miscellaneous 
Conjoined twins 
Mitral prolapse 
Partial anomalous pulmonary venous 
return 
Aorticopulmonary window 
L-transposition, ventricular inversion 
(isolated) 
Cardiomyopathy, tricuspid and/or mitral 
insufficiency 
Mitral stenosis 
Absent right pulmonary artery 
Aortic and subaortic stenosis 
Anomalous left coronary artery 
I80 
40 
91 
I5 
I5 
4 
21 
22 
I7 
23 
II 
I6 
I6 
I3 
21 
I6 
31 
I6 
21 
I 
7 
I 
I 
2 
5 
3 
I 
I2 
I 
5 
43 
28 
II5 
IS 
28 
II 
*Includes Taussig-Bing anomaly; tnewborn studies; $30 patients had 
more than one diagnosis. 
Contrast echocardiographic technique. The preferred 
technique for contrast injection in our laboratory is as 
follows (2,3): 0.5 to 1.0 ml of the patient’s blood is obtained 
A right to left shunt was diagnosed when microbubbles 
appeared in the left atrium, left ventricle or aorta after a 
venous contrast injection. A left to right shunt was diag- 
nosed when a negative contrast effect was observed in the 
right atrium, right ventricle or pulmonary artery or when 
microbubbles appeared in these structures after a left-sided 
or arterial injection. 
Statistics. Statistical analysis was by chi-square analysis 
with the Yates correction or by Fisher’s exact test, when 
appropriate. 
Results 
Contrast Echocardiography in 
Nonsurgical Patients 
Contrast echocardiography in patients with a structurally 
normal heart (Table 2). Contrast echocardiography was 
performed in 127 children with a structurally normal heart, 
no lung disease and no clinical or echocardiographic evi- 
dence of pulmonary hypertension. These were generally 
patients in whom a normal heart murmur was heard and 
Table 2. Right to Left Shunts in 127 Patients With a Structurally Normal Heart (no pulmonary 
disease or pulmonary hypertension) 
Age 
Total no. 
Patients with 
right to left 
foramen shunt 
No. 
% 
0 to 7 days 7 to 30 days 1 to 3 months 3 to 12 months 1 to 5 yr >5 yr Total 
36 I5 II 21 24 20 127 
22 8 5 5 5 2 47 
61 53 45 24 21 IO 37 
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Table 3. Atrial or Ventricular Septal Defect in 146 Patients 
L-R Shunt Bidirectional No* 
Type of R-L Shunt Only Only Shunt 
Defect No. (no.) (no.) (no.) (no.) 
ASD 40 10 (25%) 12 (30%) 17 (43%) 1 (2.5%) 
VSD 91 56 (62%) 2 (2%) 6 (7%) 27 (30%) 
AVSD 15 13 (87%) 0 0 2 (13%) 
*Atrial septal defect (ASD) versus ventricular septal defect groups, p < 0.05, chi-square. AVSD = atrioventric- 
ular septal defect (atrioventricular canal defect); L-R = left to right: R-L = right to left; VSD = ventricular septal 
defect. 
echocardiographic confirmation of the lack of structural 
heart disease was sought. A right to left shunt through a 
patent foramen ovale was common (37% overall). It was 
most common in the first week of life, and declined with 
increasing age (<1 month versus >l month, p < 0.001, 
chi-squared). Bidirectional or left to right shunting was not 
seen. 
Thirty-two newborns had a clinical diagnosis ofpersistent 
pulmonary hypertension on the basis of a structurally normal 
heart visualized on the echocardiogram and severe labile 
cyanosis responsive to hyperventilation or tolazoline infu- 
sion. An atria1 right to left shunt was present by contrast 
echocardiography in 20 patients (63%), and a ductus arte- 
riosus right to left shunt was present by contrast echocar- 
diography in 7 (22%). This incidence of atria1 shunting is not 
significantly different from the incidence in normal infants 
younger than 1 month of age (0.25 > p > 0.10, chi-squared), 
suggesting that this technique is neither sensitive nor specific 
for the diagnosis of persistent pulmonary hypertension. 
An additionul21 patients were studied by contrast echo- 
cardiography. These patients had a normal heart and other 
diagnoses (for example, pulmonary disease, Rh erythroblas- 
tosis, echovirus infection), and the incidence of foramen 
ovale shunting was similar to that of the normal group 
(overall 12 of 21, 57%). 
Atrial and ventricular septal defects (Table 3). Among the 
146 patients with an atria1 or ventricular septal defect or an 
atrioventricular (AV) septal defect (AV canal defect) studied 
by venous contrast echocardiography, some shunting was 
demonstrable in 79%. None of these patients was cyanotic. 
Those with no demonstrable shunting by contrast echocar- 
diography were significantly more numerous in the ventric- 
ular septal defect group than in either the atria1 septal defect 
or the AV septal defect group. Both right to left and left to 
right shunting were seen by contrast echocardiography in 
those with an atria1 septal defect, whereas only right to left 
shunting was easily demonstrated in those with a ventricular 
septal or AV septal defect. Contrast echocardiography facil- 
itated the differentiation of secundum from sinus venosus 
atria1 septal defect, with both the right to left and left to right 
jets crossing the septum higher in those with the sinus 
venosus defect (Fig. 1 and 2). When patients with a ventric- 
ular septal defect were categorized by the location of the 
defect (perimembranous, outlet, muscular or inlet), there 
were no statistically significant differences in shunting pat- 
terns (right to left or left to right) by contrast echocardiog- 
raphy. However, in some patients with a muscular or apical 
defect, direct imaging of the defect was difficult, but the 
diagnosis was confirmed by contrast injection (Fig. 3). 
Total anomalous pulmonary venous connection. Twenty- 
three patients with total anomalous pulmonary venous con- 
nection were studied by venous contrast echocardiography; 
the condition was type 1 in 12, type 2 in 6 and type 3 in 7. All 
had significant right to left shunting at the atria1 level. In one 
patient with connection to the coronary sinus, a venous 
contrast injection silhouetted the pulmonary veins and their 
connection to the coronary sinus (Fig. 4). 
Transposition of the great vessels. Among 15 patients with 
transposition of the great vessels evaluated preoperatively 
after balloon atria1 septostomy, bidirectional shunting (sug- 
gesting an adequate atria1 septal tear) was demonstrated in 6, 
isolated right to left shunting in 8 and absence of shunting 
demonstrated in 1. 
Left superior vena cava (Table 4). A left superior vena 
cava to coronary sinus or left atrium connection was con- 
firmed by saline contrast injection in a left arm vein or left 
scalp vein in 36 patients (Fig. 5). In 84% of these patients, it 
was associated with structural cardiac disease, with atrial 
and ventricular septal defects being the most frequent. 
Unroofing of the coronary sinus, creating a right to left shunt 
between the atria through the coronary sinus, was docu- 
mented in two patients by saline contrast injection (by means 
of a catheter in the coronary sinus in one patient (6) and 
directly by injection into the left superior vena cava via a left 
arm vein in the other). In these patients, contrast medium 
appeared directly in the left atrium before filling of other 
chambers. 
Other right to left shunt lesions. A right to left shunt, 
without left to right shunting, was present in all 21 unoper- 
ated patients with tetralogy of Fallot studied by venous 
contrast echocardiography. 
Twelve patients with Ebstein’s maljormution were stud- 
ied by venous contrast echocardiography. In 10, tricuspid 
insufficiency was present by criteria established for contrast 
echocardiography (namely, delayed clearance of the micro- 
bubbles from the right atrium and ventricle and prominent 
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Figure 1. Secundum atrial septal defect; apical 
four chamber view. Upper left, Before contrast 
injection, with arrow indicating the defect. Upper 
right, Contrast medium fills the right atrium (RA) 
and right ventricle (RV). Lower left, Contrast 
medium crosses the defect to the left atrium 
(LA). Lower right, Negative contrast effect in the 
right atrium, suggesting left to right shunting 
(arrow). A 4 Ch. = apical four chamber view; I = 
inferior; L = left; LV = left ventricle; R = right; 
RA = right atrium; S = superior. 
reflux of microbubbles into the inferior vena cava). A right to 
left atria1 shunt was detected by contrast echocardiography 
in each of seven patients studied in the first 3 months of life, 
and two of five studied after 3 months of age. 
In all 13 patients studied with tricuspid atresia, a right to 
left atria1 shunt and a left to right ventricular shunt were 
present. In eight other patients with single ventricle (ex- 
cluding tricuspid atresia), the diagnosis was substantiated by 
the demonstration of complete and simultaneous opacifica- 
tion of the entire chamber. There was no silhouetting of a 
ventricular septal flange in the usual position of a ventricular 
septum. 
Seven newborns with critical pulmonary stenosis and 
nine with pulmonary atresia were studied by venous contrast 
echocardiography to establish the presence or absence of 
forward flow through the pulmonary valve. Forward flow 
was seen in none of the infants later confirmed to have 
pulmonary atresia, but was seen in four of the seven with 
critical pulmonary stenosis. In addition, one of these seven 
had a radial artery saline injection that filled the main 
pulmonary artery and right ventricle retrograde, thereby 
establishing the presence of pulmonary insufficiency and 
ruling out pulmonary atresia. 
Situs problems. Venous contrast echocardiography was 
used in 21 patients with left isomerism, right isomerism, situs 
inversus or other cardiac malposition syndromes. The main 
purpose was the delineation of the systemic venous connec- 
tions and confirmation of atria1 situs. In four of six patients 
with left isomerism, interruption of the inferior vena cava 
was documented by saline injection in the leg, in which 
microbubbles appeared in the superior vena cava by means 
of an azygous continuation. In two patients with right 
isomerism, the presence and connections of bilateral supe- 
rior venae cavae were documented by bilateral arm venous 
saline injection. In seven patients with dextrocardia and 
situs inversus, systemic venous return to the left-sided 
atrium and ventricle was documented by venous contrast 
echocardiography. 
Arteriovenous malformations, fistulas and coronary abnor- 
malities. Thirteen patients with arteriovenous malforma- 
tions were studied by contrast echocardiography. Ten of 
these had central nervous system arteriovenous malforma- 
tions (Fig. 6), two had pulmonary arteriovenous malforma- 
tions (Fig. 7) and one had a fistula between the subclavian 
artery and vein (Fig. 8). Right to left shunting at the atria1 or 
ductus level was present by venous contrast echocardiog- 
raphy in all. Two patients with central nervous system 
arteriovenous malformations and atria1 right to left shunting 
(presumably caused by pulmonary hypertension) had an 
arterial contrast echocardiographic injection that showed 
immediate reappearance of microbubbles in the superior 
vena cava. In one of these patients, contrast injection during 
imaging of the vein of Galen demonstrated the fistula (Fig. 
6). One patient with a congenital coronary artery fistula (left 
coronary artery to both left and right ventricles) was studied 
by arterial contrast echocardiography in the catheterization 
laboratory, as previously reported (7). In one patient with 
anomalous origin of the left coronary artery from the pulmo- 
nary artery, an aortic root injection of saline solution at the 
time of cardiac catheterization demonstrated flow from the 
right to the left coronary artery, and from there to the 
pulmonary artery (Fig. 9). Left to right or bidirectional atria1 
shunting did not occur in this group. 
Hypoplastic left ventricle. Sixteen patients were studied. 
In 10, retrograde flow in the ascending aorta was sought, 
either by a saline contrast injection in an umbilical or radial 
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Figure 2. Sinus venosus atria1 septal defect; subcostal paracoronal 
view. Top, Before contrast injection, showing the defect near the 
junction of the right superior vena cava (RSVC) and right atrium. 
Middle, Contrast medium from the right superior vena cava fills the 
right atrium (RA) and crosses the defect to the left atrium (LA). 
Bottom, Negative contrast jet (arrow) indicates a left to right shunt. 
A = anterior; P = posterior: RPA = right pulmonary artery: other 
abbreviations as in Figure 1. 
artery line or by a venous injection that was followed by 
right to left shunting across the ductus arteriosus to the 
descending aorta. Retrograde aortic flow on contrast echo- 
cardiography was present in all 10, suggesting little or no 
forward flow from the left ventricle. 
Contrast Echocardiography in Surgical Patients 
Transposition of the great vessels (Table 5). In I 15 pa- 
tients with this lesion, contrast echocardiography was per- 
formed after repair by the Senning or Mustard procedure. 
Superior vena cava obstruction was diagnosed if microbub- 
bles were seen coming up the inferior vena cava after 
injection into a head or arm vein (Fig. 10). Severe obstruc- 
tion was also diagnosed if no contrast medium was seen 
entering the systemic venous chamber from the superior 
Figure 3. Muscular ventricular septal defect; apical four chamber 
view. Top, Before contrast injection, the defect is imaged directly. 
Second from top. Contrast medium fills the right heart, with a small 
ventricular right to left shunt. Lower two panels, Contrast medium 
crosses the muscular defect to the left ventricle. Abbreviations as in 
Figure I. 
vena cava directly, as previously described (8). Some supe- 
rior vena cava obstruction was present in 25% of all patients, 
and was not different in frequency between the Senning and 
the Mustard procedure groups. Severe obstruction was only 
seen in 5%, and required reoperation in one-third of these. 
Some degree of baffle leak with right to left shunt was 
present in the great majority, but was severe in only 5%. 
Evaluation for residual septal defects (Table 6). Patients 
with tetralogy of Fallot, truncus arteriosus, AV septal de- 
fect. atria1 septal defect and ventricular septal defect were 
commonly evaluated after surgery for the presence of resid- 
ual defects (Fig. 11). Some shunting across a residual defect 
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Figure 4. Total anomalous pulmonary venous connection to the 
coronary sinus; subcostal coronal view. Top, Before contrast injec- 
tion, the enlarged coronary sinus (CS) is seen. Bottom, After venous 
contrast injection, the right atrium fills completely, facilitating 
identification of the pulmonary veins (black arrows) and their 
connection to the coronary sinus. Other abbreviations as in Fig 
ure 1. 
was visualized by contrast echocardiography in 66 (55%) of 
119 patients studied. In 86% of these, the residual defect was 
diagnosed by the presence of a right to left shunt only on 
contrast echocardiography. 
Critical pulmonary stenosis and atresia. Twelve new- 
borns who underwent pulmonary valvotomy for critical 
Figure 5. Connection of the left superior vena cava to the coronary 
sinus in a patient with tetralogy of Fallot; parastemal view between 
short and long axis. Top, Before contrast injections, the enlarged 
coronary sinus (CS) is identified posterior to the left atrium. Bottom, 
Contrast injection in the left arm completely opacifies the coronary 
sinus and partially fills the right atrium (RA). The left atrium (LA) 
remains free of contrast medium, suggesting that there is no un- 
roofing of the coronary sinus. 
pulmonary stenosis or atresia were studied by contrast 
echocardiography after surgery to assess forward flow from 
the right ventricle. In seven, forward flow was seen, but it 
was judged to be poor in three of these. 
Fontan and Bjiirk procedures for tricuspid atresia, single 
ventricle. Residual right to left atria1 shunting was present in 
7 of 18 patients studied who had undergone either the Fontan 
Table 4. Left Superior Vena Cava and Associated Lesions in 36 Patients 
L-SVC to Coronary Sinus L-SVC to Left Atrium 
No. of No. of 
Diagnosis Patients Diagnosis Patients 
No associated defects 5 Left isomerism 2 
Atria1 septal defect 7 Right isomerism 1 
Ventricular septal defect 9 Tetralogy of Fallot 2 
Valvular pulmonary stenosis 3 Total 5 
Tetralogy of Fallot 3 
Coarctation of the aorta 1 
Atrioventricular canal defect 2 
Single ventricle with pulmonary atresia 1 
Double outlet right ventricle 2 
Tricuspid atresia 2 
Total 31* 
*Four patients had multiple diagnoses. L-SVC = left superior vena cava. 
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Figure 6. Vein of Galen arteriovenous malformation, with imaging 
of the vein of Galen by cranial ultrasonography in the coronal plane. 
Top, Before contrast injection, showing the enlarged vein of Galen 
(V of G). Bottom. After contrast injection in a right radial artery line, 
demonstrating microbubbles in the vein of Galen. Other abbrevia- 
tions as in Figure I. 
procedure or the BjGrk modification. In one patient, pulmo- 
nary insufficiency was proved by the demonstration of 
microbubbles passing from the main pulmonary artery to the 
single ventricle. In another patient with single ventricle, 
residual patency of the tricuspid valve orifice was demon- 
strated by venous contrast echocardiography (Fig. 12). 
Discussion 
Saline contrast echocardiography was first introduced as 
a diagnostic modality to complement and extend the capa- 
bilities of M-mode examinations (1,9). It was rapidly applied 
in a similar fashion once two-dimensional echocardiography 
became available (10,ll). A great advantage of the technique 
is that any laboratory capable of reasonable quality two- 
dimensional echocardiography can perform contrast echo- 
cardiography quite inexpensively and effectively. Although 
there has been one reported possible complication of con- 
trast echocardiography in an adult (12), the technique has 
been shown to be extremely safe (13). In our experience, 
there have been no recorded complications of contrast 
echocardiography after 889 examinations. This is particu- 
larly encouraging in view of the high prevalence of right to 
left shunts in our study patients. Even direct intracoronary 
injection of large amounts of a Renografin-saline solution has 
caused no permanent functional disturbances in laboratory 
Figure 7. Pulmonary arteriovenous malformation; apical four 
chamber view. Top, Venous contrast injection fills the right heart 
completely, with no detectable right to left intracardiac shunt. 
Bottom, Ten seconds later, contrast medium returns to the left 
atrium (LA) from the pulmonary veins. Other abbreviations as in 
Figure I. 
animals (14, IS), although transient reversible depression of 
left ventricular function attributable to intracoronary injec- 
tion of microbubbles have been observed by Shapiro et al. 
(16). As with all venous injections in patients with a potential 
right to left shunt, great care must be taken to ensure that no 
visible bubbles are injected. 
Because this is a retrospective study, one must be careful 
and not draw conclusions concerning the true prevalence of 
various congenital heart defects (Table 1). Not all children 
with heart disease underwent echocardiography and the 
minority of children in whom echocardiography was per- 
formed had saline contrast echocardiography. It is likely, 
then, that a selection bias exists in our series in favor of more 
severe lesions, as well as more diagnostically challenging 
lesions. For these reasons, we chose not to compare directly 
the results of contrast echocardiography with other modali- 
ties such as two-dimensional and Doppler echocardiography 
and Doppler color flow mapping. To avoid selection bias. 
such comparisons should be made prospectively, studying 
all patients by each modality and with observers who are 
unaware of the results of the other modalities being com- 
pared. 
Contrast Echocardiography in 
Nonsurgical Patients 
Patients with a structurally normal heart. Right to left 
shunting across the foramen ovale has been previously 
reported (17-19) in normal patients, particularly after the 
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Figure 8. Subclavian artery to vein fistula; subcos- 
tal paracoronal view. Upper left, Before contrast 
injection. Upper right, After contrast injection in 
the right radial artery, there is filling of the aortic 
(Ao) arch and immediate opacification of the supe- 
rior vena cava to the right of the aorta. Lower left 
and right, Contrast medium subsequently fills the 
right atrium (RA). Other abbreviations as in Fig- 
ure 1. 
Valsalva maneuver, coughing or crying. The higher inci- 
dence of this lesion in younger patients in our group is not 
surprising, considering the higher frequency of a patent 
foramen ovale in younger children. Contrast echocardiog- 
raphy is likely to be a very sensitive technique for detecting 
right to left shunting, being able to detect shunts as small as 
Figure 9. Anomalous origin of the left coronary artery from the 
pulmonary artery; parasternal short-axis view. Top, Contrast injec- 
tion into the aortic root at cardiac catheterization fills the aorta (Ao). 
Bottom, There is the immediate appearance of a contrast jet in the 
pulmonary artery (PA) from the left coronary artery. Other abbre- 
viations as in Figure 2. 
3 to 5% (20). Because only a small number of microbubbles 
need to cross the foramen to be seen in the left atrium, the 
lack of this finding should be very reliable in ruling out a right 
to left shunt. On the other hand, we have not found it 
possible to quantify the magnitude of the shunt by contrast 
echocardiography, although videodensitometry has proved 
useful in the past and the use of synthetic microbubbles may 
allow better quantitation of shunts (21,22). For now, quan- 
titation of shunts is best accomplished by Doppler echocar- 
diography. The low velocity of blood crossing the foramen 
ovale may be very difficult to detect by pulsed Doppler 
ultrasound or Doppler color flow mapping. The use of 
contrast medium and Doppler echocardiography together 
should have both a high sensitivity and high specificity. 
Atrial and ventricular septal defects. Saline contrast 
echocardiography has been used to evaluate patients with an 
atria1 or ventricular septal defect (18,20,23-34). In our pa- 
tients, some right to left shunting was demonstrable by 
contrast echocardiography in nearly all patients with an 
atria1 or AV septal defect and in most patients with a 
ventricular septal defect, making this a sensitive technique 
despite the fact that none of these patients was cyanotic. We 
have not used this technique extensively in patients with 
isolated patent ductus arteriosus, although others (35-38) 
have. Left to right shunting was less well seen than right to 
left shunting in all groups. Visualization of a negative jet is 
best accomplished by a large injection of a well agitated 
bolus, so that the chamber is completely opacified. A nega- 
tive jet is more difficult to be certain of with a left to right 
shunt than with a right to left shunt, particularly if the bolus 
opacification is suboptimal. One must be careful because the 
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Table 5. Postoperative Evaluation of Transposition of the Great Vessels in I I5 Patients (Senning 
and Mustard procedures) 
Procedure No. 
SVC Obstruction 
(no.) 
Severe 
(no.1 
Baffle Leak 
(no.1 
Severe 
(no.1 
Senning 77 20 (2670 4 (5”r, 62 (81%) 4 wz) 
Mustard 38 9 (24%) 2 W/r) 27 (7 1%‘) 1(W) 
SVC = superior vena cava. 
negative contrast effect may be confused with normal ve- tory test. The absence of atria1 shunting in a newborn infant 
nous inflow to the chamber from the superior or inferior vena suspected of having total anomalous pulmonary venous 
cava. connection rules out this suspected diagnosis. 
Total anomalous pulmonary venous connection. The use 
of saline contrast echocardiography in patients with total 
anomalous pulmonary venous connection has previously 
been reported from our laboratory (39). We have confirmed 
those observations and demonstrated a consistent finding of 
significant right to left atria1 shunting in these patients. There 
have been several reports (40-43) of the experience with 
pulsed Doppler ultrasound and Doppler color flow mapping 
in the diagnosis of this condition, which are clearly much 
more powerful techniques for identifying the exact sites of 
drainage and the presence or absence of obstruction. In this 
condition, contrast echocardiography remains as a confirma- 
Left superior vena cava. When an enlarged coronary 
sinus is detected, it is important to determine if the left 
superior vena cava connects to it. Frequently, the left 
superior vena cava may be imaged directly and followed to 
the coronary sinus. In difficult cases and in those in whom 
confirmation is important, saline contrast injection provides 
a rapid and certain demonstration of the anatomy (44,45). In 
addition, the presence of an unroofed coronary sinus with 
right to left shunting may be detected (6). 
Figure 10. Mustard repair of transposition of the great vessels; 
subcostal sagittal view of the inferior vena cava. Top, Before 
contrast injection. Bottom, After right arm venous contrast injec- 
tion, there is rapid complete opacification of the inferior vana cava 
(WC) from below, suggesting severe superior vena cava obstruc- 
tion. Diaph = diaphragm; other abbreviations as in Figure 2. 
The conjrmation of a left superior venu cava to coronuv) 
sinus connection is important for ot leust tti’o reasons. First, 
the high rate of associated cardiac malformations requires a 
careful search for such malformations when this anomaly is 
detected (46). Second, knowledge about the presence or 
absence of the anomaly is important in patients who may be 
candidates for the Fontan procedure (45). Even when no 
coronary sinus enlargement is present, a small communica- 
tion may be present (46) and may not be easily imaged. Such 
a communication may be detectable by contrast echocar- 
diography, but because the communication may be small or 
collapsed, angiography has been most sensitive in our expe- 
rience. 
Critical pulmonary stenosis and atresia. With the recent 
development of techniques for balloon dilatation of critically 
stenotic pulmonary valves in newborns, differentiation be- 
tween critical pulmonary stenosis and atresia has become 
more important. Doppler echocardiographic study of the 
main pulmonary artery can be confusing in these conditions 
because swirling flow from the ductus arteriosus into the 
main pulmonary artery may create the illusion of forward 
flow when none exists. The demonstration of forward flow 
by contrast echocardiography is more straightforward and 
likely to be more reliable than pulsed Doppler examination. 
We have recently found Doppler color flow mapping to be a 
more reliable technique than pulsed Doppler ultrasound, but 
it remains to be tested against contrast echocardiography. 
The demonstration of pulmonary insufficiency by an arterial 
in.iection may also be helpful in differentiating between 
stenosis and atresia (47). Care must be exercised in defining 
the direction of right ventricular filling because there is 
frequently a small amount of pulmonary regurgitation in 
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Table 6. Postoperative Evaluation for Residual Defects in 119 Patients 
Right to Left to 
Left Shunt Right Shunt 
Diagnosis No. (no.) (no.) 
Atria1 septal defect 5 0 0 
Ventricular septal defect 43 19 7 
Atrioventricular septal defect 28 18 0 
Truncus arteriosus 15 6 0 
Tetralogy of Fallot 28 14 0 
Total 119 57 7 
Bidirectional 
Shunt 
(no.) 
No Shunt 
(no.) 
0 5 (100%) 
2 15 (35%) 
0 IO (36%) 
0 9 (60%) 
0 14 (50%) 
2 53 (45%) 
critical pulmonary stenosis. Again, in our recent experience, 
Doppler color flow mapping has been the more reliable 
technique. Contrast echocardiography is relatively nonquan- 
titative in these circumstances, and the demonstration of 
forward flow does not predict success of balloon valvulo- 
plasty. 
Situs problems. It is in the area of cardiac malposition 
syndromes that contrast echocardiography offers significant 
advantages over other available imaging modalities. Anom- 
alies of systemic and pulmonary venous connection are 
common in the syndromes of left and right isomerism (48- 
50). In our experience, contrast echocardiography has been 
able to identify interruption of the inferior vena cava with 
azygous continuation to the superior vena cava, commonly 
present in left isomerism (polysplenia), as well as bilateral 
superior venae cavae connecting to each atrium, commonly 
present in right isomerism (asplenia). In situs inversus, 
systemic venous return is to the left-sided atrium. The 
identification of abnormal or malpositioned venous struc- 
tures may be difficult with two-dimensional echocardiog- 
raphy, even with Doppler or Doppler color flow mapping 
techniques. Carefully planned multiple injections of saline 
solution in appropriately chosen peripheral veins will fre- 
quently and dramatically demonstrate these venous connec- 
tions. 
Arteriovenous malformations, fistulas and coronary artery 
abnormalities. The use of contrast echocardiography in the 
diagnosis of systemic artery to pulmonary vein fistula (51), 
pulmonary arteriovenous malformation (52), intracranial ar- 
teriovenous fistula (53) and congenital coronary artery fistula 
(7) has been reported previously. The patients in our group 
with a systemic arteriovenous malformation in the newborn 
period had signs of right ventricular volume overload with 
right to left atria1 or ductal shunting, and the initial diagnosis 
in several of these patients was persistent pulmonary hyper- 
tension. In such patients, pulmonary artery pressure may 
even be suprasystemic (54). To differentiate arteriovenous 
malformations from the syndrome of persistent pulmonary 
hypertension, one should look for immediate reappearance 
of the microbubbles in the venous system. In patients with 
Figure 11. Postoperative evaluation of 
ventricular septal defect repair; subcostal 
short-axis view. Upper left, Contrast injec- 
tion from the femoral artery fills the de- 
scending aorta (white arrow). Upper right, 
Contrast medium then fills the aortic (Ao) 
root and left ventricle (LV), diagnosing 
aortic insufficiency. Lower two panels, 
Contrast medium fills the right ventricle 
(RV), diagnosing a residual ventricular 
septal defect. Other abbreviations as in 
Figure 1. 
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Figure 12. Single ventricle after Fontan procedure; apical four 
chamber view. Top, Before contrast injection, there is a tricuspid 
orifice patch (P, solid line) and an atria1 septal patch (P, dotted line). 
There is also a pericardial effusion (Em. Middle, Venous contrast 
injection fills the right atrium (RA) and left atrium (LA), diagnosing 
an atria1 patch leak. Bottom. Contrast medium also crosses the 
tricuspid patch to the right of the ventricular septum, suggesting a 
tricuspid orifice patch leak. Other abbreviations as in Figure 1. 
an arteriovenous malformation, microbubbles that reach the 
arterial side of the arteriovenous malformation will not be 
cleared by a capillary bed, but will immediately reappear on 
the venous side (II). The site of reappearance (superior 
versus inferior vena cava) indicates the most likely location 
of the arteriovenous malformation. Because most of the 
patients in our group had an atrial right to left shunt, this 
finding may be appreciated on a peripheral venous injection. 
However, if there is any doubt, contrast echocardiographic 
injection in an artery is indicated. Once the diagnosis has 
been suspected. we have found central nervous system 
arteriovenous malformations to be easily identified by the 
use of pulsed Doppler ultrasound or Doppler color flow 
mapping. In the case of a suspected arteriovenous fistula to 
a pulmonary vein, the immediate reappearance of microbub- 
bles in a pulmonary vein after venous contrast injection is 
diagnostic (I I). 
Became many congenital coronar?, urtery jistulas are 
small with little flow, contrast echocardiography may offer 
an advantage over aortic root angiography for diagnosis 
because even small amounts of blood flow are detectable as 
a saline contrast effect. We have used contrast echocardiog- 
raphy successfully in the catheterization laboratory by 
means of a catheter in the aortic root when angiography had 
failed to make the diagnosis. 
Hypoplastic left ventricle. In general, the diagnosis of 
hypoplastic left ventricle with mitral or aortic atresia is not 
difficult using two-dimensional echocardiography alone. In 
our experience, it has been in the so-called “transitional” 
forms that contrast echocardiography has contributed to 
management decisions (for example, the Norwood operation 
versus cardiac transplantation versus aortic valvotomy). The 
presence of continuous retrograde flow in the transverse and 
ascending aorta after venous or arterial contrast injection is 
an ominous sign, indicating little or no forward flow from the 
left ventricle. 
Contrast Echocardiography in Surgical Patients 
Transposition of the great vessels. Evaluation of patients 
after the Mustard operation for superior vena cava obstruc- 
tion has been previously reported (8). We have extended 
these observations to include those with the Senning opera- 
tion. The frequency of both partial and complete superior 
vena cava obstruction was identical in the two operations. 
The phenomenon of contrast return through the inferior vena 
cava is due to diversion of superior vena cava flow through 
the azygous vein to the inferior vena cava as a result of 
abnormally high pressure in the superior vena cava. Al- 
though some superior vena cava obstruction was present in 
many of our patients, it was unusual for it to be severe or 
require reoperation. In many patients, the finding disap- 
peared on a subsequent examination, suggesting that the 
phenomenon is an immediate postoperative finding that 
resolves spontaneously in most patients. In the decision of 
whether to revise the baffle in the presence of superior vena 
cava obstruction, contrast echocardiography should be 
viewed as a confirmatory test only. Findings such as severe 
pleural effusion are more important in this decision. 
Our-findings concerning hufle lrak postoperatively in 115 
prrtients b,-ith transposition of the great vessels are similar to 
those in eight patients reported by Pasalodos et al. (55). The 
fact that some degree of baffle leak was seen in 78% of all 
patients studied suggests that this finding is a normal post- 
operative finding in baffle procedures, without particular 
prognostic significance. Judgment must be exercised as to 
what constitutes a significant baffle leak (for example, pa- 
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tients with persistent cyanosis or shunting throughout the 
cardiac cycle are more likely to have a significant leak). 
Evaluation for residual septal defects. A residual defect 
may be evident on venous contrast injection with right to left 
shunting. In units where left atria1 lines are commonly used 
for postoperative hemodynamic monitoring, injection in the 
line may show left to right shunting across the residual defect 
(56). Our quite frequent finding of a residual defect by 
contrast echocardiography after surgical repair of atria1 
septal defect, ventricular septal defect, AV septal defect, 
tetralogy of Fallot and truncus arteriosus highlights one 
possible pitfall of contrast echocardiography in postopera- 
tive patients. Tiny shunts are detectable because of the 
excellent echogenicity of microbubbles, perhaps making the 
technique oversensitive. The majority of these defects did 
not require reoperation and often became smaller on fol- 
low-up contrast echocardiography. However, in immediate 
postoperative patients with a residual defect who may have 
pulmonary hypertension and little left to right shunting, 
contrast echocardiography may well be more sensitive than 
Doppler ultrasound, with which there may be difficulty in 
identifying low velocity shunt signals. Because pulmonary 
artery pressure decreases after operation, the magnitude of 
the left to right shunt increases and Doppler echocardiog- 
raphy is better able to detect such a shunt. Unfortunately, 
contrast echocardiography can still provide only a qualita- 
tive assessment of such defects. Quantitation of the shunt 
and the size of the residual defect usually requires cardiac 
catheterization. 
Current Role of Contrast Echocardiography 
in Children 
The role of contrast echocardiography in the evaluation 
of children with congenital heart defects has undergone 
changes with the recent introduction of new diagnostic 
ultrasound techniques and improvement in existing tech- 
niques. Pulsed and continuous wave Doppler examination 
and, in particular, Doppler color flow mapping have been 
applied to the diagnosis of conditions for which contrast 
echocardiography had previously been the primary tech- 
nique. Such conditions include small atria1 and ventricular 
septal defects that may be difficult to image directly, fistulas 
and arteriovenous malformations and total anomalous pul- 
monary venous connection. In these forms of congenital 
heart disease, contrast echocardiography is mainly helpful as 
a confirmatory test. 
Disadvantages. In our experience, a disadvantage of con- 
trast echocardiography is that, in the area of congenital heart 
disease, it is a qualitative rather than quantitative technique. 
Although valvular insufficiency is generally easy to demon- 
strate by contrast echocardiography using appropriate injec- 
tions, it provides little information concerning the flow 
velocities and pressures. 
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Advantages. A major advantage of contrast echocardiog- 
raphy is that microbubbles are readily apparent, even when 
a very small number of microbubbles enter the heart or cross 
a defect. Thus, a very small right to left shunt is detectable. 
If such a shunt is associated with a high velocity left to right 
shunt, as in a small ventricular septal defect, then Doppler 
color flow mapping is usually quite sensitive. However, 
when no associated left to right shunt exists, as in patent 
foramen ovale or persistent fetal circulation, then the low 
velocity of blood crossing the septum may be difficult to 
detect by pulsed or color Doppler examination because it 
may be below the signal to noise ratio of the instrument. In 
these circumstances, contrast echocardiography is likely to 
be much more sensitive than Doppler ultrasonography. 
A second major application of contrast echocardiog- 
raphy is in the identification of systemic venous connections, 
particularly in patients with left superior vena cava to 
coronary sinus connections and patients with situs problems 
such as left and right isomerism. Two-dimensional echocar- 
diography and Doppler ultrasound may identify such struc- 
tures as venous, but the origins of these structures are best 
worked out by venous saline injection in the appropriate 
extremity or side of the head. 
Third, contrast echocardiography may be quite useful in 
identifying arteriovenous malformations. In these malforma- 
tions, blood will pass from the artery to the vein without 
traversing a capillary bed. Microbubbles travelling through 
an arteriovenous malformation, therefore, will not be 
cleared but will reappear almost immediately on the venous 
side. In several of our patients, the observation of this 
phenomenon prompted a successful search for an arteriove- 
nous malformation. 
Conclusions. Saline contrast echocardiography is an in- 
expensive method compared with the newer techniques, a 
such as Doppler color flow mapping, and the results of 
contrast echocardiographic examinations are quite easy to 
interpret. It continues to find wide application in the diag- 
nosis of congenital heart disease in our laboratory, especially 
in patients with complex heart disease, when surgery with- 
out cardiac catheterization is contemplated or when a unique 
or rare anomaly is encountered. Its uses are limited only by 
venous or arterial access and the imagination and ingenuity 
of the echocardiographer. Although the technique has 
largely been superseded for some indications by Doppler 
color flow mapping, because of its safety and simplicity it 
will continue to have a place in the management of children b 
with congenital heart disease. 
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